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SUMMARY 


PROBLEM 

Test  and  evaluate  microwave  scanning  landing  guidance  system  concepts  in  a  specular 
multipath  environment  for  application  to  vertical  takeoff  and  landing  systems  aboard  small 
ships.  Specifically,  evaluate  circular  polarization,  relatively  large-beamwidth  antennas,  and 
mathematical  signal  enhancement  techniques. 

APPROACH 

Three  different  systems  weie  tested  at  the  NOSC  range  under  severe,  controlled  multi- 
path  conditions  and  the  results  analyzed  and  compared. 

CONCLUSIONS 

1.  Both  circular  polarization  and  low-elevation-angle  enhancement  techniques  contrib¬ 
ute  to  solving  the  problem  of  specular  multipath. 

2.  Antennas  with  elevation  and  azimuth  scanning  beamwidths  as  wide  as  4  and  6  deg. 
respecti’  ely.  are  adequate  for  a  shipboard  Ku-Band  scanning  beam  landing  guidance  system. 
Existing  Navy  and  Marine  Corps  Ku-Band  scanning  beam  systems  have  beamwidths  of  2  deg  or 
less. 

3.  Comparative  tests  were  run  on  1-  and  2-yas/deg  coding,  and  it  was  found  that  there 
was  no  significant  difference  in  the  accuracies  of  the  two. 


INTRODUCTION 


During  December  1 1>80.  tests  were  conducted  on  three  different  microwave  scanning 
beam  landing  guidance  transmitters  at  the  test  facility  at  Naval  Ocean  Systems  Center  (NOSC). 
These  tests  are  a  part  of  the  testing  which  has  been  done  for  the  Navy  Vertical  Takeoff  and 
Landing  (NAVTOLAND)  Project.  The  test  facility  lias  an  approximately  160-  by  160- ft 
ground  plane,  over  which  controlled  specular  multipath  conditions  can  be  achieved. 

The  tl  'ee  transmitters  that  were  tested  were  the  Airborne  Instrument  Laboratories 
(AIL)  PACSCAN  Unit,  a  highly  modified  Tactical  Landing  System  (TLS)  elevation  unit,  and 
a  Singer-Kearfott-produced  AN  TPN-30  Marine  Remote  Area  Approach  and  Landing  Systems 
MRAALS)  ground  unit.  All  of  these  transmitters  operate  in  the  Ku-Band  and  are  scanning 
beam  devices  that  transmit  coded  pulse  pairs  in  such  a  manner  that  they  can  be  decoded  in  an 
airborne  receiver  to  accurately  determine  the  elevation  and  azimuth  angle  of  the  transmitter 
from  the  aircraft. 

Three  special  features  were  available  for  testing  in  the  AIL  equipment  :  circular  polari¬ 
zation  of  the  signal:  a  special  low-angle  enhancement  technique,  patented  by  AIL:  and  the 
ability  to  change  from  2-  to  I-/*  deg  coding. 

This  report  will  describe  the  equipment  tested  and  its  special  features,  present  the  data 
that  were  obtained  during  the  tests,  and  summarize  and  compare  the  various  techniques  and 
devices.  Three  appendixes  are  provided.  Appendix  A  contains  comprehensive  plots  of  the  lest 
data.  Appendix  B  presents  a  description  of  the  AIL  equipment,  and  Appendix  C  describes  in 
detail  the  TPN-30. 


TRANSMITTER  AND  RECEIVING  EQUIPMENT 


PACSCAN 

The  PACSCAN  equipment  d  ig  1 )  elevation  angle  coverage  is  from  0  to  approximately 
16  deg.  The  azimuth  coverage  is  approximately  30  deg  to  either  side  of  the  center  line.  The 
ho  am  width  of  the  elevation  antenna  is  approximately  4  deg  at  3  dB  down  and  the  sidelobes 
down  25  dB.  The  azimuth  antenna  has  a  heamwidth  of  6  deg  at  3  dB  down.  The  polarization 
was  vertical  lor  the  tests,  even  though  PACSCAN  is  normally  horizontally  polarized. 

The  PACSCAN  equipment  features  a  special,  patented.  low-angle  enhancement  mode 
of  operation.  In  conventional  scanning  beam  equipment,  the  elevation  angle  must  be  scanned 
at  or  near  zero  to  be  able  to  decode  low-angle  data.  The  AIL  system  employs  a  technique  in 
which  the  elevation-angle  transmitter  is  cut  off  at  some  value  above  zero  and  the  airborne  decoder 
determines  angle  position  by  means  of  mathematical  beam  fitting  on  the  partial  elevation  beam 
received  at  low  angles.  Thus  one  is  able  to  decode  angles  at  elevation  angles  less  than  one-half  the 
heamwidth  of  the  transmitting  antenna.  In  this  prototype  equipment  the  cutoff  angle  is 
variable  in  0.5-deg  steps  from  0  to  6  deg.  1  his  provides  a  means  of  controlling  the  multipath 
reflections  by  eliminating  them  at  low  angles. 

I  he  update  rate  of  the  equipment  is  four  times  per  second  for  the  elevation  and  azimuth 
angle  data 

The  equipment  can  also  be  simply  switched  to  provide  coding  of  either  1  or  2  /us  deg. 


The  IT  S  was  equipped  with  a  4-dee  heam.  measured  at  the  3-dB  points,  and  is 
circularly  polari/ed.  The  scan  rate  ot'  the  antenna  is  4  Hz.  The  system  has  a  coding  of  1  gi  s  cle 
and  lias  selectable  0.5-deg  cutoff  up  to  h  deg.  Figure  3  is  a  photograph  of  the  circularly  polar¬ 
i/ed  scanning  beam  antenna. 

TPN-30 

The  Marine  Remote  Area  Approach  and  Landing  System  (MRAALS)  TPN-30  trans¬ 
mitter  was  developed  by  Singer-Kearfott  for  the  Marine  Corps.  The  unit  has  a  2-deg  beam- 
width  in  both  elevation  and  azimuth.  It  provides  elevation  coverage  from  0  to  20  deg  and 
azimuth  coverage  of  i20  deg.  The  scan  rate  is  7.5  Hz.  The  unit  is  shown  in  Fig  4.  and  descrip¬ 
tive  information  is  presented  in  Appendix  C. 

AIL  RECEIVER  DECODER 

The  receiver  used  in  all  the  December  tests  was  a  modified  ARQ-31  front  end.  The 
decoder  is  broken  into  two  parts,  one  of  which  is  the  ARO-31  interval  tracker.  The  second 
part  is  a  Texas  Instruments  SBPddOO  microprocessor,  which  provides  2k  by  lo  bytes  of 
scratch  pad  memory.  The  decoder  provides  both  digital  and  analog  outputs.  Additionally 
it  can  do  course  softening  and  offset  calculations.  Figure  5  shows  the  unit  on  the  vertical 
track. 

TEST  PROCEDURES 

The  tests  were  run  at  Building  3  72  at  NOSC.  Here  there  is  a  large  wire  screen  (approx¬ 
imately  IbO  by  160  ft)  ground  plane.  A  track  on  a  large  vertical,  wooden  pole  was  used  to 
obtain  various  elevation  angles.  Figure  (>  is  a  drawing  of  the  test  range.  A  photograph  of  the 
range  is  shown  in  Fig  7. 

Data  were  taken  by  raising  the  receiver-decoder  to  approximately  25  ft  then  lowering 
it  in  approximately  6-in.  increments  and  taking  data  at  each  level  until  the  data  became 
unusable. 

An  interface  unit  provided  by  AIL  permitted  direct  interface  to  an  HPdX25A  com¬ 
puter.  The  raw  data  were  placed  on  magnetic  tape  in  the  HPdX25A.  and  plots  of  the  smooth 
data  were  obtained  from  the  HP0872  plotter.  Figure  S  is  a  photograph  of  this  data-taking 
equipment . 

At  each  reference  point,  100  samples  of  angular  data  were  taken  for  elevation  for  all 
three  transmitters  and  also  100  samples  of  azimuth  data  for  the  PACSCAN  and  the  TPN-30. 

A  mean  and  standard  deviation  were  calculated  using  these  samples. 

The  data  were  taken  at  a  horizontal  distance  of  approximately  1  50  ft.  Each  of  the 
transmitters  was  either  sitting  directly  on  the  ground  plane  or  elevated  7  ft,  8  in.  off  the 
ground  plane  and  sitting  on  a  wooden  box  in  the  back  of  a  stake  truck.  This  setup  is  shown 
in  Fig  d.  A  photograph  of  all  three  of  the  transmitters  tested  is  shown  in  Fig  10. 

TEST  RESULTS 

INTRODUCTION 

Table  1  lists  the  runs  made  during  this  series  of  tests  and  summarizes  the  important 
factors  in  each  run.  Of  the  31  runs,  only  Runs  d  and  10  were  bad  data,  caused  by  an  error  m 
setting  the  equipment. 
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Appendix  A  contains  plots  lor  the  elevation  angle  data  lor  Runs  I  through  K  and  I  1 
through  31  (Fig  A-l  through  A-2'D.  these  data  are  presented  in  the  Appendix  A  tor  com¬ 
pleteness.  Some  of  the  runs  will  he  characterized  in  tills  section,  as  will  he  the  composite  data 
that  ['resent  the  results. 

CIRCULAR  VERSUS  VERTICAL  POLARIZATION  OF  ELEVATION  DATA 

The  TLS  was  equipped  with  a  special  antenna  that  permit  toil  testing  circular  versus 
vertical  polarization.  Figure  i  I  shows  the  average  values  plotted  lor  Runs  3  and  0  that  omipar. 
circular  to  vertical  polarization  with  the  I  LS  transmitter  on  the  mat.  a  O-deg  cutoit.  and  with 
no  enhancement.  Figure  1  2  shows  the  standard  deviations  lor  the  same  runs.  In  these  two 
Figures  there  is  no  significant  effect  From  the  polarization.  Figures  I  3  and  14  represent  the 
average  values  and  standard  deviations  For  Runs  3  and  4.  In  these  runs  the  transmitter  was  on 
the  mat.  the  cutolF  was  set  at  2.5  deg.  and  the  signal  was  enhanced.  Again  one  can  see  little 
diFFerence  in  the  two  polarizations. 

Figures  1  5  and  1 1>  give  the  average  and  standard  deviations,  respectively .  For  Runs 
and  ,s.  in  which  the  I  I  S  was  elevated  '  Ft.  ,s  m.  off  the  mat  with  a  O-deg  cutoff  in  the  erharked 
mode.  Again  there  is  not  a  significant  improvement. 

In  the  next  two  tests  (Runs  1  I  and  12  elevated  at  ~  Ft.  ts  in.)  the  TLS  was  pointed  down¬ 
ward  approximately  1  2  deg  si'  that  the  signal  was  illuminating  the  mat.  Again  a  run  was  taken 
using  both  vertical  and  circular  polarization,  and  the  results  are  shown  in  Fig  1  "  For  the  averages 
and  in  Fig  Is  tor  the  standard  deviation.  Here  the  diFFerence  between  circular  and  vertical  polariza¬ 
tion  is  pronoun  cd.  I  he  errors  were  completely  oil  scale  For  the  vertical  polarization  a  majority 
oF  the  run,  w  Tereas  with  the  circular  polarization  the  decoder  was  able  to  track.  This  is 
important.  For  it  represents  the  case  oF  negative  angle  coverage  that  will  be  necessary  in  the 
NAVTOL.ANI)  advanced  development  equipment. 

ENH  ANCED  VERSUS  UN  ENH  ANCED  ELEVATION  DECODER 

The  AIL  enhancement  technique  provides  an  algorithm  that  makes  a  best  Fit  to  the 
'cam  envelope  sensed  bv  the  decoder.  It  permits  obtaining  a  valid  answer  For  elevation  angles 
\e>s  than  one-halt  a  bea.,, width  above  cutoff. 

Figures  I')  and  20  present  the  averages  and  the  standard  deviations  for  Runs  1  5  and  lb. 

Both  runs  were  identical  and  on  the  mat.  the  only  diFFerence  being  that  one  was  enhanced  while 
the  other  was  not.  A  zero  cutott  was  used  in  both  cases,  and  this  is  selt-deteating  since  the  primarv 
object  is  to  permit  cutting  off  the  beam  at  higher  angles:  but  it  was  done  here  for  completeness 
and  standard  deviation  comparisons.  One  vines  not  see  any  improvement  in  the  average  here. 

In  Fact  it  becomes  worse  at  lower  angles.  However,  there  is  a  marked  improvement  in  the 
standard  deviation  in  Fig  20  oF  approximately  two  to  one. 

Runs  23  and  24  were  used  to  again  compare  enhanced  with  unenhanced.  Both  these 
runs  were  taken  with  the  transmitter  elevated  to  "  ft.  s  in.  and  the  elevation  at  0  deg  cutoff. 

T  he  results  For  the  averages  are  shown  in  Fig  21  and  For  the  standard  deviations  in  Fig  22.  Note 
that  below  2  deg.  the  half-bvamvv Tilth  For  the  PACSCAN.  the  unenhanced  decoded  angle  slopes 
upward.  Eh  is  is  caused  by  an  increasingly  larger  portion  of  the  beam  being  missing  below  0  deg 
cutoff  and  the  Fact  that  the  decoder  averages  what  is  received  over  the  entire  interval.  The 
enhanced  signal  processor  mathematically  corrects  For  the  missing  heamwidth  in  the  enhanced 
case  and  continues  to  track  right  down  to  0  deg  and  below.  \  comparison  of  the  standard 
deviations  For  these  runs  shows  the  strong  improvement  at  higher  angles,  but  it  becomes  worse 
at  angles  between  0  anil  1  deg. 


From  these  plots  one  can  make  a  strong  ease  lor  the  enhancement  techniques,  and  this 
will  oe  illustrated  further  in  the  next  section. 

PACSCAN  -  TPN-30  ELEVATION  ANGLE  DATA  COMPARISONS 

In  this  section  the  plots  compare  the  data  taken  with  the  three  different  transmitters. 
Both  the  PACSCAN  and  I  L.S  have  4-deg  elevation  beannvidth.  and  the  TPN-30  has  a  2-deg 
beamwidth. 

The  average  values  for  the  three  different  transmitters  are  shown  in  Eig  23.  The 
composite  curve  represents  data  from  runs  2,  1  5  and  29.  Cutoff  was  set  at  0  deg  foi  all  three 
transmitters  and  the  PACSCAN  and  TLS  were  not  enhanced.  Figure  24  gives  the  standard 
deviations  tor  these  same  runs.  The  average  for  the  ITN-30  is  smoother  than  that  for  the 
PACSCAN  and  TLS.  The  standard  deviations  are  approximately  of  the  same  magnitude,  w  ith 
the  TPN-30  again  being  smoother.  Figure  25  show's  the  average  values  for  the  three  trans¬ 
mitters  tor  Runs  13.  16.  and  24.  These  runs  are  identical  to  the  previous  runs,  except  both 
the  TLS  and  the  PACSCAN  are  now  in  the  enhanced  mode.  Figure  26  shows  the  standa rd 
deviation  values  for  the  runs. 

A  comparison  of  f  ig  23  and  25  shows  a  slight  degradation  in  the  average  values  for 
TLS  and  PACSC  AN.  but  comparison  ot  Fig  24  and  26  shows  a  marked  improvement  in  the 
standard  deviation.  Again  it  must  lie  noted  that  to  get  the  benefit  of  the  enhancement  tech¬ 
nique.  the  cutoff  should  be  set  above  0  deg. 

Figures  27  and  28  show  the  composite  averages  and  standard  deviations,  respectively . 
tor  runs  8.  23.  and  28.  In  all  of  these  runs  the  transmitters  were  elevated  ~  ft.  8  in.  above  the 
mat.  One  can  see  a  marked  improvement  in  the  low-angle  data  for  the  PACSCAN  and  the  I  L.S. 
Since  both  the  PACSCAN  and  TLS  are  in  the  enhanced  mode,  they  track  well  below  the  half- 
beamwidth  tie.  2-deg)  value.  The  TPN-30.  with  a  half-beamwidth  value  of  1  deg.  shows  a 
steady  upward  slope  below  that  value.  The  standard  deviations  are  approximately  equal 
between  0  deg  and  I  deg.  and  better  by  a  factor  of  two  at  elevation  values  above  1  deg 

PACSCAN  AVERAGE  ELEVATION  DATA  CORRECTIONS 

I  he  algorithm  used  to  enhance  the  PACSCAN  was  not  complete  when  the  unit  was 
delivered  for  test.  To  complete  the  algorithm,  a  correction  is  needed  to  eliminate  the  upward 
slope  in  the  data  that  occurs  at  angles  approximately  1  2  deg  below  the  transmitter  elevation 
cutoff  value.  This  was  not  the  case  for  the  TLS.  It  had  been  corrected. 

Figures  29  through  33  show  the  plots  for  the  average  values  of  the  enhanced  PACSCAN 
data  as  they  were  taken  in  Runs  1 .  18.  19.  20.  and  22  and  the  same  data  after  a  correction  was 
applied  in  the  9825A  computer,  before  the  data  were  plotted.  The  same  correction  was  used 
in  all  five  figures. 

The  corrected  average  is  given  by 
"  Araw<f-cut-°? 

then  Acorr  -  Aniw  -  S  ( E-Cllt  -  0.5  -  Aruw  ) 


where: 


■'Vorr  =  corrected  average 

Afiw  =  raw  lla,a  average 

S  =  slope  constant 

I  ....  =  transmitter  cutoff  angle 

sill 

The  slope  used  in  all  of  the  five  figures  was  approximated  from  Fig  32  and  is  approx¬ 
imately  0.87.  hxamination  of  these  figures  shows  that  the  average  value  was  being  tracked  at 
approximately  0.5  deg  elevation,  w  hich  would  he  one-eighth  of  a  beamwidth  for  the 
PAC'SCAN.  This  was  not  a  dropout  point  but  came  about  by  the  physical  limitations  of  tin- 
test  facility.  Figure  33  illustrates  the  improvement  obtained  by  using  this  correction. 

AZIMUTH  DATA 

Figure  34  presents  the  a/unuth  angle  data  obtained  for  the  PAC'SC  AN  in  run  Hi.  In 
the  azimuth  figures  that  will  be  presented  in  tins  section,  the  average  bias  offset  from  zero 
is  not  important  since  no  attempt  was  made  to  obtain  precise  azimuth  alignment.  Figure  35 
shows  the  average  and  standard  deviation  for  the  PAC'SCAN  elevation.  ~  ft.  8  in.  In  Fig  36 
the  PAC'SCAN  was  again  elevated,  and  the  zero-elevation  reference  was  approximately  -'■>  deg  so 
that  the  signal  was  illuminating  the  mat.  Here  one  sees  a  degradation  of  the  average,  but  the 
standard  deviation  remains  approximately  the  same. 

Fi cures  37  and  38  show  the  azimuth  angle  data  for  the  TPN-30  on  the  mat  and  elevated 
Again  one  should  note  the  bias  offset  of  the  average  is  merely  a  test  alignment  error  and  not  an 
error  in  the  equipment.  Comparison  of  the  PAC'SCAN  and  TPN-30  azimuth  angle  data  shows 
both  the  average  and  standard  deviation  to  be  smoother.  It  is  worth  noting  again  that  the 
TPN-30  is  a  2-deg-beamwklth  system  and  the  PAC'SCAN  a  6-deg  system. 

1-  VS  2-m s/deg  CODING 

Preliminary  testing  on  the  PAC'SCAN  system  was  accomplished  between  30  April 
and  14  May  1080  at  the  NOSC  Test  Range.  During  this  period,  the  effect  of  changing  the 
spacing  of  the  angular  encoding  from  2  to  I  deg  was  tested,  and  the  results  were  definite 
enough  that  the  tests  were  not  repeated  during  the  November  tests. 

The  results  of  these  tests  are  shown  in  Fig  3l>  and  40.  in  which  the  averages  for 
the  runs  with  1-  and  2-/as  deg  coding  are  compared.  I  he  decoder  was  in  the  unenhanced  mode, 
and  the  transmitter  was  on  the  mat  The  standard  deviations  for  the  two  runs  are  shown  in 
Fig  40.  Careful  examination  of  the  data  shows  no  significant  ditlcrcnees  in  either  the 
averages  or  the  standard  deviations. 
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CONCLUSIONS 

A.  Where  elevation  angle  coverage  requirements  make  it  necessary  to  illuminate  .1 
specular  multipath  reflector  with  the  elevation  beam,  multipath  is  a  severe  problem,  and  some 
technique  must  be  used  to  counter  the  problem.  In  these  tests,  circular  polarization  ol 

the  signal  appears  to  be  one  adequate,  as  well  as  practical,  solution  to  the  problem. 

B.  Incorporating  mathematical  enhancement  techniques  to  process  the  elevation  data 
offers  a  distinct  improvement  in  the  presence  of  specular  multipath. 

C.  Accurate  angle  data  can  be  obtained  using  beamwidths  of  up  to  4  deg  and  enhance¬ 
ment  techniques,  thus  providing  significant  reductions  in  equipment  size,  existing  Ku-Band 
equipments,  such  as  the  AN/SPN-4 1  and  the  AN  TPN-30  MRAALS.  have  beamwidths  of  2 
deg  or  less. 

D.  There  is  no  significant  difference  in  accuracy  between  I-  and  2-ps  deg  coding. 
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APPENDIX  A 
Elevation  Angle  Data 

are  the  plots  lor  test  runs  in  order,  except  that  runs  9  and 
ve  '  ad  data  due  to  an  error  in  setting  the  test  equipment. 

•  :•  :  .  ut.)  samples  as  well  as  the  standard  deviation.  Sig- 
tie  plot 
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INITIAL  DISTRIBUTION 


NAVAL  AIR  SYSTEMS  COMMAND 

ADPO-18  (S) 

AIR-9500  (2) 

AIR  533558 
AIR  53355C 

AIR-53343  12) 

NAVAL  ELECTRONIC  SYSTEMS  COMMAND 
NELEX-520 
NELEX-5403 

NE  LEX-5203  (2) 

NAVAL  AIR  DEVELOPMENT  CENTER 
CODE  6014 

NAVAL  AIR  TEST  CENTER 
CODE  SA  71 
CODE  SA  73 

NAVAL  ELECTRONIC  SYSTEMS  ENGINEERING 
ACTIVITY.  ST.  INIGOES 

CODE  022  12) 

NATIONAL  AERONAUTICS  AND  SPACE  ADMINISTRATION 
AMES  RESEARCH  CENTER 

MS210-0  12) 

NAVAL  AIR  ENGINEERING  CENTER 

CUTLER-HAMMER  INC 
AIL  DIVISION 
COMAC  ROAD 
DEER  PARK,  NY  1  7729 

SINGER-KEARFOTT  DIVISION 
150  TOTOWA  ROAD 
WAYNE.  NJ  07470 

ANALYTICAL  MECHANICS  ASSOCIATION,  INC. 

MOUNTAIN  VIEW.  CA  94042 

DEFENSE  TECHNICAL  INFORMATION  CENTER  (121 


